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HBIHOD AND APPARASTOB fOR MBASUEOMS mCCKNBSS OF IHIN FIIM m> 

mn.CE tmjFPcroRms mnsoo using samb 

BftCRGROUND OF OHE mVENTION 

Hhe pneseat invention xelates to a method fooc 
manufacLuLing seinioonductor devices \i43xLlst measuring the 
thickness and tliickness distxlbutim of transpacait film and 
controlling the flLn thickness, for exanple, a metiiod for 
measuring the UE¥)eiinost film thickness of a wafer in a surface 
levelling process stage after film deposition, the levelling 
process stage in the manufacture of a semixxsnduator device 
being controlled by measuring the film thickness* Exanples of 
such transparent films include, in addition to the focDagoing, 
resist films and insulating films, and the like, in 
manufacturing stages of thin film devices, such as IM), TFT 
and LSI reticles, and the like* 

For exanple, semiconductor devices are manufactured by 
forming devix^es and wiring patterns onto a silicon wafer, by 
means of film d^x^sition, exposure and etching processes* In 
recent years, in order to adhies;^ higgler precisiicai and hic^ber 
density in such devices, there have been moves towards greater 
finaiess and increased layering. Ihis has resulted in an 
increase in the nunfoer of indentations in the wafer surface. 
Such indentations in the vsaf er inpede the U^t essposure 
process, Jribixii Is essential in forming wiring, and the like. 



and theoief ace iBvellix^g ctf the «af er su^ 
CMP (Chemical Ifecianical Volist^) tecimique, wherein the 
surface <rf wafer IB leveU^ ty poling ^ 

ci«„i^ and actl«.^ 
p,^^. CMP a ccmnanly toom teci^ 

■teciinDliogical field. 

n« prii)cipal prx*am iir^ved w^^ 

ttet of ooatrolliiig flM thickness. In partioflar, it is 
™^ to variati^x in hi^-I-c^ ™^ 

and f iOm iMdoiess <tf the v«f ecs l^r ^iKX^l^ 
^..easuring into the 

fi,^ thix^ness during tlie OIP l«««ss, and h^ 
When the wafer has beax prx)oessed to a prescribed fiM 

thidaiess. conseguently, a vari^ of netHods have 
proposed as in-sita neasuranent tedmiqpes. 

Japanese Pabeat Laid-qp^ No. (Hei)6-252113 and Jap 
Patent I^-c^)^ NO. (*i)9-7985 di^clx^e in-situ aa^^ 

capable Of iteasuring the fiJm mclcness 

actual device pattern (at ttie fine cirMit pattern 

^ ^ =1 r,rrv=iiir+^ In Japanese Patait Laidnapen 
cxjnstituting the actual pcoduct). in o9sai«=»^ 

Nb. (Hei)6-252113, in neasuring the fi3m thi<*ness over the 
actual device pattern, the spectroa of the interferen^ 
pattern produced by the film ^ v4u.te 1^ iB analyzed with 

aru<i ««» ahsolute value of the thin film 
respect to frequency, and the aheomce v<««= 

is calcxilated 1^ observing the relatixxid^ 
fisquency ootponent relating to the spectral 



film thidkness* Gn the other hand, in Japanese Patent Laid- 
open No. (Hel) 10-83977, the change mth respect to pscooessing 
tiire of tbe intensity of the interfeuenoe pattern pcodooed by 
the transparent fUm frcm a laser (singLe-vsavelength source) 
is detected and the film thickness is calculated from the 
fceguencY ccnponmt relating to that wavefom* 

Moreover, Japanese Patent Laid-open No* (Hei) 10-294297 
and J^ianese Fataat Laid-open No. 2000-77371 disclose 
tedmi/jues for perf otndng in-situ measurement Ijy specifying 
neasurement positions. In J^)anese Patent Laid-open No. 
(Hei) 10-294297, the measurement positions are specified by 
extracting tiie diaracteristics of the image of the circuit 
pattern, or by forming a diffraction pattern in the scribe 
area of the pattern. In Japanese Patait Laid-opai No. 2000- 
77371, the maxima and minima of the spectral vrawefonn are 
observed, and measm^emont points for measuring the film 
thickness during processing are specified by ccnparison c£ 
these with previously measured maxima and minima of spectral 
v^n/eforms. 

Generally, there have been prbhlems in managing film 
thickness to a hi^ degree of accuracy by means of the CMP 
processing time, since the polishing amount (poLLsiiing rate) 
per unit time varies, and the pol i shing rate also differs 
according to the ratio of tbe wafer plane occupied by the 
pattern formed thereon {hereinafter, callftd "pattern area 
ratio*). Fig* 17 ^xms ti^ dEilm thickness distribution 



maasuranent results for a sendxxsnduotor devioe neasured xislng 
tbe t6Ciinlj(3i:ie discLosod in Japanese Patent Laid-open No. 2000- 
310512. Fig. 17 Illustrates film thiidkness distributljon 
measurem^t results 160 for a transparent film (insulating 
film between lasers) having an area of ^jpcocdmately 20 ran on 
a wafer that has loeen CMP prooessed. Fig. 17 sbcMS the film 
thickness distrlbutixxx in the vcLring pattern sections 
periphecal cdrcuit section 163, and the bosn^er sectinns 164, 
165 bett^em the peripheral circuit section and the wiring 
pattern sections. As these film thickness distribution 
measurement results 160 shew, a film thickness change of 
several 100 iia occurs in a region of a^ipraximately 2 mni at the 
border sections 164, 165 between the peripheral circuit 
sections and the wiz±ng pattern sections. On the other hand, 
the wlcing patterns sections 161, 162 and the peripheral 
cirouit section 163 themselves has a conparatlvelY even film 
thida>ess over regions o£ several inn. 

This film thickness distribution is produced by the 
pattern area ratio, and processing conditions such as the type 
of polishing pad in the processing device, the typ& of 
polishing fluid (slurry) , and the like, and it macy vary 
betweai products or between each wafer, due to variations in 
the type of saidxxsnductor circuit pattern, and in the 
processing conditions (state of wear of the polishing pad, 
density of slurry, and the lite) . As described above, in in- 
situ measurement during the CMP process, a problem arises in 
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ti^. aee^ai^g o£ the <*^^ ^ 

,,,,33,3^t accuracy aec^ 

^tlm in f iJm thlclaiess are nea^ Rxrthen«««, 
al««:^ a^«nese Patent No. (Hal) 10-294297 and 

Japanese Patent Laid-ppea No. 2000-77371 disd^ ^ 



spedf^^Lng 



pgQ^tdiCular attention as gxvwi «^ — • 

are specdflBd over a relatively ^ 
aHBX«iinately2nin), and hence there is a rd^ tliat 

^..asurarent acx^racy will d^ 
\,easured in a Stat, sucii as that 111^ 

in other «c^, Ihe spectral «avefc«m provider 

aata incd^ iBf--tion ^ a iKoad area of vaxy^ 

and undersiae wixing state, and hence it is 
aifficolt to ^eci^ the desi.:ed measurenent points 
it is not possiMe to reduce fl.3ctuati^ in high-pre^ 

and film thiclo^ess <h^^^ 
CMP processing at the n«^t- ti^t the has been proc^ 

to a P-scohed fiM thirio^ss. thereby na^ 
cx^xtrol f iJia thixscness to a hi#x degree oE acc^ and h^ 

,^toad3clineinse«dx«^a^3^- ' 
ec«v^tix«ally. Slurry has used as a pon^ 

CMP pcocsessing. 

AS also disclosed in Japanese Patent Laid-open NO. 

(Hel)10-83977, in-sita neasureinent is conducted ly fanning a 
transparent window in the poliddng band and 



spectzal waveform fona the wafer sucfaoe in the slurzy. Sljnoe 
the slmxy Is a polishing flmd cmtaining particQies 
potassium li;ctri06did&, and tiie liJce, It is optical ly semi- 
transparent, and has poor ll^t transtidsslon dbaractecistics. 
Ricthannaire, the spectcal reflectivity of the rafer surface is 
also reduced markedly by the occurrence of glass-type 
indentaticxis in the transparent window due to the action of 
the particles ccxxtained in the polishing fluid, and hence the 
spectrum cannot he measured in a stable fashioa, thereby 
maldng it difficult to adiieve hi^-ppecision control of the 
film thidcness by terminating CHP processing at the momimt 
that the wafer has been processing to a pnesacibed film 
thicikoess. 

The preset invention pixvides a method and device 
^flhereby the film thiidkness of a transparent film can be 
measured to a hifipi degree of accuracy during a CMP process, 
without being affected by the film thinScness distrUxition in 
the LSI regim arising in the CMP process, and a manufacturing 
metbod and manufacturing device for tirin film devices losing 
same. 

Moreover, the present Invention provides a method and 
device viiearelby the film tMckness of a transpaoaat film can be 
measured to a hlgfi degree of accuracy during a CMP process. 



wlthcxxt being affected It^ tlie film tMjctoess diBtxibutijon 
within the vrafer surface arising in the CMP poiooess, and a 
manuf acturix^ method and inanuf acturlng device for thin f iJm 
devices vising sane* 

Fusrthezmace, the presoit lixvimtion picovldes a method and 
dsvioe Jitiscdcf^ the f aJm thickness of a transparent film can be 
measured to a hi^ degree of aocuracy and in a desired 
measuremmt field during a process, vd.thout being affected 
by the film thickness distribution in the U5I region or the 
f Urn thickness distribution in the v@f er surface arising in 
the CM^ pcocess, and a manufacturing method and manufacturing 
device for thin film dsvioes \3sing same. 

Furthermore, the preset invention provides a method and 
device iftihereby tiie film thickness of a transfparent film can be 
HBasured to a hi^ degree of aocaicBcy by sfpedfylng desired 
maasuremmt positions, dudng a CMP pcooe^, without being 
affected b^ the film thickness distribution in the LSI region 
or the film thickness distribution in the wafer surface 
arising in the CMP process, and a manufacturing method and 
manufacturing device for thin film devices losing same. 

Rirthermare, the presait inventicxx provides a method and 
device ^lAserefasr the film thickness of a transparent film can be 
measured to a hicjti degree of aocuracy by sped^lng desired 
measurement positions and a desired measurtement field, during 
a CMP process, without being affected by the film thickness 
distribution in the LSI region or the film thickness 



distrlbutjLon in tt^ vjafer surface arising in the CMP process, 
and tibe film thickness measurement results thereof are used in 
processing conditions for manufacturing processes after the 
CMP processing stage (etctiing, film d^)ositic»i, and the like) , 
and a manufacturing msthod and manufacturing device far thin 
film devices using sane* 

Rirtteanoce, the picesexit inv^tion provides a method and 
device vi^cdtrf the film thickness of a transparent film can he 
msasured to a hi^ degree of accuracY extracting a spectral 

wavefonn having a hi^ S/N ratio, during a CMP process, 

PI 

^■'^ witfaout being affected by reductioci in the spectral 

transmission characteristics of the slurry arising during Ct^ 
processing, and a manufacturing method and manufacturing 
device for thin film devices using sanne. 

Furthermore, the preset inventicsi provides a method and 
device ^d^ereby the film thickness of a transparmt f Urn can be 
measured to an accuracy of several 10 rm or less over the 
actual device pattern, for exanple, during a CMP process, 
without being affected ty the film thickness distribution in 
the LSI region arising in the CMP process, and a manufacturing 
method and nonuf acturlng device for thin f IM devices using 
same. In other words, the present invaition provides a method 
and device capable of hi^-preclsion control of film thictoess, 
and a method and device for achieving inproved process 
throu^iiput, vfcereln the film thickness of the ii^permost 
surface over the actual device pattern after CMP processii^ Is 
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neasuiBd by using a neasurenait tectonlxi» sudi as that 

aisclosed in the Japanese Patent Laid-open No. 2000-310512, 

the fiOm thiroo^ ss di.trilxxtix« in ISI regio n is e.d:x^, 

a neasureneat f ield and iteasuranent positi^ , 

on the basis of tins fUm thixacness distribution result, tiie 



spectral wavefom is extracted fron Hie desired 
field and neasuranent positiions of the devix» patt^ during 
CMP ptxjoessing, and the fiM tinxaa^ of the uEpe^ 
surface during CMP pxx^ssing is ireasured to a hi#i degiiee of 



m the present inventiaa, the fi^ and measucanent 
positions for measuring the film thickness of the transparent 
film during CMP processing are detemined on the basis of the 
„easura«Bnt results for film thida«ss distributixxi in th^ 

ion of the actual device pattern having be^ CMP processed. 
•SbB technique for neasuring the actual dBVix» pattern is such 
that the film thickness distribatLon of the device pattern is 
,«asui»d using a fUm thickness neasuring method (hereinafter, 
called actual pattern film thixioiess measuring method) such as 

ttet discOosed in J^anese Patent Laid-open No. 2000-310512 
ciaiiifid by the present inverxtOES, and a desired measurenent 
fiem is debentdned on the basis of these measurement results. 

Eron the exaiple of measuremBnt results in Fig. 17. 
taking the measuronent fiaia as appixQdmately 50 - 100 
diemeter, desirably, a field of vl£W is adopted v«hixii 
a high msasurement precision, even if the £Um 
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dbanges suddHily (change of sevecal 100 nn in thiiCicness in 
jmately 1 nrn) * 

Moiceover, if the film thidoiess distribution is flat in 



tbe I£I xegLon, then a larger iteasuronmt field a£ several ion 
can be adopted* 

Desirably, the measurement positioans are selected such 
tiiat the fUm tiiLdkness in relatively flat regions 161, 162 as 
indicated in Fig. 17 can be measured to a hi^ degree of 
accuracy. Ihe regions 161 and 162 are wiring circuit pattern 
seotionSjr and since they are stable and have a wLring pattern 
daisity below the transparent film of several 10% 
a{inx3Kimately, thm these regions have good evenness during 
CUP processing. Msreover, in a semiccxiductor manufacturing 
process, there are wixlng regions \4here inter-lajer 
cc^mections are nade by foaming contact holes, or the lite, 
and desirably, the film thickness of these vdxing circuit 
iBgioos is controlled in order to determine etching conditions, 
and the like, also. The measuremait positions determining 
method aocording to the presoit invention is carried out by 
ijsing one cr more of the following means: 

(1) e^ctracting the intensity difference in the speotnin 
of the reflected lic^t; 

(2) extracting the fregu0tK:y spectrvxa int^isity in the 
spectnxn of the reflected light; and 

(3) ocnparing vdth spectral vraivefaans measured by an 
actual pattern film thidaiess measurem»t method. 

10 
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Acxxtcding to tihe pcesmt invention. It is possible to 
ocxitCDl the fUm thickness in respective positions, by 
selecting nieasuraimt positions £ixm a charactecclstic quantity 
of the spectxal v^avelength frcm locations such as the LSI 
peripheral circuit section, scribe area, or the lite, and not 
only the mrii^ regions. 

Ihe foregoing description relates to determining the 
msasurenaent field and iiieasur?einent positions in the LSI 3Degion 
(dxip regioa) fanned on a semLoonductor wafer, but it is also 
possiJble to perf onn film thidcness ccaitrol in the ^«af er 
surface. CMP processing is inplanented vMlst the wafer 
pecfdnns a rotating movemmt and sliding movemait. 

In the pcesent invsaition, the orlentaticMi flat positicHi 
and xiotcix position in the wafer are held in an appcoBdroately 
registered fashion in the vaf er holder, the maasurement 
position of the in-situ film thickness measuremmt system 
during CMP is Judged to be either in the c^tral portion or 
the peripheral portion of the vsafer, on the basis of the 
orientation flat positicxi and the notch position of the \flaf er 
fran the wafer holder, and measurement is made and a 
measuremant result output. 

Moreover, in the present invention, in order to measure 
the spectral eform of the \tiaf er surface at a hi^ S/M ratio, 

via optically transparent slurry, the slurry can be diluted by 
supplying optically transpar^t fluid, such as pure vdater, or 
the like, in the vicinity of the spectral waveform measurement 



wavefarm. Mareover, by using a material having a reCcaction 
±ndex proximate to that of the slucxy as the material of the 
transpacent mndow used for spectcal waveform measuremmt, the 
iXKanease In xeflectlvltY (iiKaiBase in specttal trananlssivltY) 
due to the dif f ereooe in refraction index at the bonaer 
between the slurry and transparent window can be redooed. 
Therefore, the precision of the fUm thickness control can be 
inpcoved by estractlng a spectral waveform of hi^ S/N ratio 
evai during CMP processing. 

Siese and other objects, features and advantages of the 
inventiCHi will be ^:parent frcm the following more particular 
description of preferred enixxiiinents of the invention, as 
Illustrated in the acocnpanying drawings* 

BRIEF DESCRIPTICN CF TOE DRAWINGS 

Fig. 1 is a perspective view f^nowing tihe general 
conposition of a CMP polishing device provided with fjJm 
thickness measuring means according to the present invention; 

Fig. 2 is a perspective view sOxming a specific exanple 
of a CMP polishing device composition provided with film 
tliickness measuring means accarding to the present invwtion; 

Fig. 3 is a plan view of a polishing pad placed on a 
wafer. In order to describe a neasuremmt field according to 
the present invmtion; 
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Fig. 4 is a plan view of a semlcx3nduator I£I circuit 
pattern; 

Fig. 5 Is a plan view of a secidjcxDnduotor LSI circuit 
pattern shewing one detailed exanple of a seniiconductor I£I 
clccult pattern and a measurement field; 

Fig. 6 Is a gc^^ii ^acmng one exanple of sfpecttal 
reflection ciiaracterlstics Jx xin a circuit pattern according to 
the present invaition; 

Fig. 7 is a g]::;^ii ^xMlng odb escsnple of spectral 
intensity characteristics f rom a circuit pattern accordljig to 
the present iixv^tlon; 

Fig. 8 Is a plan view of a semiconductor LSI wafer; 

Fig. 9 is a perspective view siicwiiig caie exanple of the 
thickness dlstdbution of a transparmt film In a 
semiconductor ISl; 

Fig. 10 Is a front view stowing one exanple of the 
structure of a detection windcw according to the present 
inventiCHi; 

Fig. 11 is a grqph sbowlng spectral reflection 
diaracterlstlcs far calculating film thickness according to 
the preset Invention; 

Fig. 12(a} is a fzxnt view of a CMP processing device 
provided with a film ttalidcness measuring function according to 
the present invention; Fig. 12(b) is a front view of a CMP 
processing device according to the present invention; and Fig. 
12(c) is a plan view of a holder for a CMP processing device; 



Fig. 13 Is a fcont view shewing the genezBl cxiiposltlon 
of a CMP prooessing devioe aooording to the pd^esaat iciventim; 

Fig. 14 is a fzmt vleci^ of a display scxeea showing one 
exanple of a scn^em displaying neasunement results aocxsrdlng 
to -Qie present inv^tion; 

Fig. 15 Is a frtxit view of a display scxeai shewing aaa 
exanple of a screen displaying maasuremsnt results acxxsrdlng 
to the present invention; 

ELg. 16 Is a pocooess diagram shewing one exanple of 
prooessing stages for manufacLuiing a sesxdjoonducrtxxr device 
using a CMP processing system according to the present 
liivimtlon; and 

Fig. 17 Is a perspective view of a semlconduator ISI 
^xwlng one exannple of film thlc3aiess distribution of a 
transparent film in a semiconductor 

DESCRIPTiaN CF TOE J:>Kfca?mM> H«3PIMENIS 

An enAxxUment of the present invention Is now described, 
being an example ^^herein a method for measuring the thickness 
of transparent film formed on a vrafer surface to an accuracy 
of several 10 im or less over the actual device pattern, for 
exanple, is spiled with respect to a CMP prooessing stage in 
the manufacture of a semloonduotor. 

Fig. 1 shows one enixxUment \tiherein the fUm thickness 
control method according to the present invention is applied 
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to a CMP device. The CMP devijoe ocnprtses a poUshlng pad 2 

foonad on a polishing base 1, the wafer 4 to be poxaessed 

being held in a holder 3. Furtheaancxce, the pad is periodically 

dressed by a dresser 5 disposed above the polishing pad 2 

vdiicti dresses the pad surface in sucii a manner that a uniform 

processing rate is maintained. A stmcture is formed for 

si^jplying a liguM slurry 6 o^ntaining polishing granules onto 

the polishing pad. In ocder to measure the film thickness 

during CMP processing, a compositim is adapted \i«bereby a 

measurement optics system 7 is able to measure the spectcal 

vsaveform of the yaafec surface from below the polishing base 1, 

by means of a measuz^ement window 8 provided in the polishing 

pad 2. A film thickness measurement controller 9 calculates 

tlie f iM thidcness £ixm the measured spectral wavefotm. This 

film thickness measurement controller 9 is connected to an 

actual pattern film thicdoiess measuring device 10, in sucii a 

manner that it can obtain information fcon the actual pattern 

film thickness measuring device 10. Ibis actual pattern film 

thickness measuring de^ce 10 is a measuring i^^sten such as 

that disclosed in J^)anese Patent Laid-op^ No. 2000-310512, 

MixssxSbs' the film thickness distribution far processed wafers 

of a similar type to the wafer 4 is previously measured, and 

based on these film thickness distribution measurem^t results, 

a measurement conditions oontroUer 11 selects the measurement 

fields to be issed by the measurement optics :^stem 7 and 

wacvedEorms corresponding to tihe f IM thickness at each 
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respective measurement position, and inputs sane to the film 
thickness neasuranent oontroller 9. 

Ihe \tihole surface of the wafer 4 is polished hy rotatiag 
the polishing base 1 in the dixecticn of arrow A, vahilst the 
holder 3 is cai.isecl to perform a rotational movement as 
indicated by anxM B and a sliding movement as indicated by 
anxw C, and the dresser 5 perlodLcally dresses the pad 2 by 
performing rotational movement as indicated by arrcw D and 
sliding m ovement as indicated fay arrow E. In the 
aforementioned conpositicn, as the polishing base 1 rotates, a 
window glass 81 incorporated into the measurement window 8 
passes throu^ tba measuremmt light path 120 of the 
measuremi^t optics system 7 once for each revolution of the 
polishing base 1, the Sfpectral waveform of the wafer 4 is 
detected by the measucemaat optics system 7, and the detected 
spectral waveform is ii^t to the film tliidkness measurement 
ry i iTi r rmp^r- 9 vftiiicii Calculates the film thickness at prescribed 
measurement positions. 

Fig. 2 shows detailed esanples of the measurement optics 
system 7 and the film tixix^kness measurement controller 9 in 
Fig. 1. ^Dbe measurement optics system 7 ccnpdLEses: a detecting 
lens 71, niiimnating lic^t source 72, half mirror 73, spatial 
filter 74, focusing lens 75, field of view aperture unit 76, 
field aperture 761, field ^)erture 762, and beam sfplitter 77. 
In this measurement optics system 7, vAnte illuninatum li^t 
(wavelength 300 nm -* 800 nm apprcK. ) is irradiated from the 
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lJJjizidnatlx)g U^t souroe, throu^ tte half-Mxrar 73, the 

detecting lens 71 and the window glass 81, and onto the wafer 

4 being poxK^essed. The light reflected back by the wafer 4 

paisses through the spatial filer 74, focusing lais 75, and 

field aperture 761, to the beam splitter 77, \4iere It Is split 

HhB split wavelengtii signal is measured by the film thickness 

neasurem^t controller 9, yimix performs wavelength correction 

processing 92 for removing the effects of wavelength 

distortion due to the slurry (descdbed hereinafter) , fron the 

resulting spectral wavefonn 91. A film thickness calculation 

94 for the film over the device pattern during processing is 

performed fron the spectral waveform thus corrected, by means 

of a foequency/phase analysis measurement method or pattern 

structure fitting measuremait mettxxl, as disclosed in Japanese 

Patent Laid-open No. 2000-310512, and processing is terminated 

at the momaat that the wafer has been processed to a 

presGzribed film thickness. Furthennore, the measuremmt 

conditions controller 11 inputs measurement field Inf onnation 

and spectral waveform data based on the film thickness 



distribution sullied by the actual pattern f Urn thickness 
measuring device 10, to tlie film thicikness controller 9. 

Tbe film thicacness controller 9 JiJdges \tiiiether or not the 
detected spectral waveform 91 is applicable as film thickness 
meiasurement data, selects a spectral wavefonn required for 
measurement, and uses same to calculate the film thicaaiess. 
The measurement field is set as a parameter prior to the start 

♦ 
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of fUm thickness iiBasurement, and the pfcescanLbed ireasurement 
fiBlxi is set b7 svdtdiing the ^)erture vnit 76 of the 
neasurement optics system 7 to deteraiine the field ^)erture 
diameter. The spatial filter 74 of tte measurement optics 
systan 7 is able to remove diEEEacticHi harmcaiics caused by the 
li^t scattered at the edges of the wiring patterns, and the 
N.A of the detecting lais, and hatice wavel^i^rth distortion, 
such as significant distortion of the spectral wavef oon due to 
diffracted light, is reduced, thereby liiproving the S/N 

m. 

ciiaracteristics of the spectral wavef am. 

Fig. 3 is a diagram for desccihing a measurement field in 
the present enixxaiment. Ttnjs coaxseptual diagram illustrates an 
exanple wherein the vondow glass 81 shown in Fig. 3 is 10 - 50 
mm in size, and the detection field of the measurement field 
of view 763 is 50 - 100 [m in diam eter, the magnification 

factor of the optics system being takm into account v&en 
detezxidning the field of vijes^ size for measuring the spectral 
vraweform. In one revolution of the polishii^ base 1, ti)e 
spectral wav^sform data for a plurality of locaticxis oa the 
\ffafer 4 is obtained via the window glass 81. In the enbodiment 
in Fig. 3, a state is di^icted vshere spectral data is detected 
four times, but the higher the nmber of measurement points, 
the greater the ability to perform hicJi-preGision film 
thickness evaluation. In practice, the nundser of measuremant 
sanples is detentdned according to the nixiber of revolutions 
of the pQli£3xLng base 1 of the CM> device, the size xy£ the 
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neasureient window, the sanpUng rate of the spectral analyser, 

the quantity of light produced by the miimjiatioii system, the 

amount of llgjit reflected by the wafer, and the like* In the 

exanple shcrai in Fig. 3, taking the diameter of the poUsihliig 

base 1 as Dcp = 250 mm, the number of revolutions as 100 rpm, 

and the sanpUng rate of the speotcal analyser 77 as 1 mn/s, 

an area of cp = 50 |un x 0.4 inn widt li is measured. If the vdndow 

glass 81 has a diameter of 10 mn, then 10 measurements can be 

made. In other words, the required spectral waveform is 

selected £can the spectral data for 10 locations on the wafer 

4 during one revolutiC3n of the polishing base 1, and these 

wavefonns are input to the film thickness controller 9, which 

calculates the corresponding film thicknesses. 

Next, the present invention is described in concrete 
teavB by reference to Fig. 4 - Fig. 7. 

Fig. 4 is one exanple of an LSI circuit (one chip) . A 
wirdLng circuit pattern section 41 is formed in the c^tzal 
region of the LSI circuit 40, a paction of the circuit is 
fanned with a memory dxcuit section 42 having a regulation 
wiring pattern, and a peripheral circuit pattern section 43 is 
farmed about the periphery of the wiring circuit pattern 
section 41. Fig. 5 is a partial enlarged view of Fig. 4, 
Illustrating the relationships between the respective wiring 
sections and the f ie ld of view, in a case vhere a measurement 

field of 100 |jua d iameter is used. Fig. 5(a) shows a wiring 
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GiroiLt pattern section 410, and Fig. 5(b) stxTws a peEifheral 
cxEcuit pattern section 430. 

In the most recocit LSIs, the wiring pattern 411 is fanned 
to a width of several fixn - 0.1 \m, and taking the measurement 

fi^H 412 as having a 100 \m diame ter, the surface ratio of 



the measurement field 412 that is oooLpied ty the pattern will 
be several 10%. On the other hand, the perirheral circuit 



Nv patterns 431, 433, are formed to a width of several 10 um - 



several 100 pm, a nd therefore, taking the measurement field 

432 as having a 100 |jim diameter, t he surface ratio occupied by 

the pattern in the measurement field 432 will be 50% - 100%. 

Fig. 6 shows spectral reflection characteristics for the 
measurement field regions illustrated in Fig. 5. The spectral 
waveform 61 is a wawefom measured using measurement iFj eicI 412 
in Fig. 5, spectral waveform 62, lasing the measurement field 
434 in Fig. 5, and spectral waveform 63, using the measurement 
field 432 in Fig. 5. 

Fig. 7 shows the fregumcy sfpectral characteristics for 
the measurement field regions llliastrated in Fig. 5. 
Sjpecif ically, it can be seen that the spectral reflection 
characteristics vary according to the area ratio of tiie lower 
pattern section in the measurement field. If the area ratio 



l>ied ty the iGwer pattern in the measurement field is hi^, 
then the spectral reflectivity is hi^, viiereas if this 



surface area is lew, then the reflectivity is low. 'Wi-gg 
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teidencY is parti ml arly mailced in tte longer vgavelength 
region* Fig. 7 also shows the frecjuency spectral 
characteristics for the maasurenimt field JDegions illustrated 
in Fig. 4. Fig. 7(a) shows frecpency spectrun diaracterlstics 
for a vnxlng circuit section. Fig. 7(b) stows similar 
characteristics for a memory circuit section, and Fig. 7(c) 
shows similar characteristics for a peclfhecal circuit section. 
^JJ It can be seen that, since the sfpectral characteristics vary 
^ according to the form of the wiring pattern occupying the 
1^1 measurement field, the measurement positions can be specified 
n £ixm the freguocicy spectrun of the spectral wavefom. 

■■w>> 

is 

Q Moreover, since the characteristics of the spectral 

S hi 

vJ v^avefanns shown in Fig. 6 and Fig. 7 are reproducible for 

ir", s 

respective wiring sections, it is possible to specify 

B ; I 

measurement positions by conparlng and evaluating similar 
spectral VKaveforms and reflectivity, or frequaicy spectrum 
characteristics, or the Uke, on the basis of the spectral 
waveform data from the actual pattern film thickness measuring 
device 10 illustrated in Fig. 2. 

Fig. 8 is a schematic diagiiiam of a semiconductor wafer. 
Fig. 9 shows one essanple of film thickness distribution 
measurement results as obtained by the actual pattern fiJm 
thickness measuring device 10 measuring the film thickness in 
a central chip 82 and peripheral chip 83 in Fig. 8. ThB 
measurement results for the centre chip in Fig. 8 indicate 
that the film in the centre region is sli^tly thicker and 
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that in the peripheral regLon is sll^tly thinner. In Fig. 
9(a), the \ibolB ship is flat cxirpared to (b). In Fig. 9(b), 
the outermost periphexy 95 of the ctiap has a notably thinner 
film tbicOaiess. Qa the outemost border 96 of the diips, no 
pattern is formed, and it is thou^t that here the CMP 
processing rate vdU be greatly, and hmoe the film will be 
thinner. 

In the examples illustrated in Fig. 8, the state of film 
thickness in the ^i«haLe wafer can be controlled to a high 
degree of precision by setting the approximate central regions 
92, 93 of the chips as "Obe measurement positions during CMP 
processii^. In other worcis, higher-precision film thicSaiess 
ccait±ol for the ^ghole surface of the \^er can be achieved by 
identifying a wiring drcuit pattern section 412 vflhixli can 
readily be processed to a relatively les;el state, as 
illustrated in Fig. 5, for measuring the film thickness in 
each chip of the wafer surface. Acxxrding to the present 
invention, the film thickness distribution within the wafer 
surface can be msasured by sped^^ing either relatively even 
wiring circuit sections or peripheral circuit pattern 
rather than the border regions between peripheral circuit 
pattern sections and wiring circuit pattern sections as 
illustrated in Fig. 16, or the outer circuit sections, vjhich 
both display large variation in film thickness. 

Bie spectral waveform in Fig. 6 includes the slurry 6, 
and therefore is a distorted waveform rather than an ideal 
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sixaEiiscxLdal vgaveEoon. Ihe distcxrtiion of the v«ave£anR is thou^t 
to arijse because the zedectim inteiislty fron the lower 
pattern belov the transparent f Um is affected by the fact 
that the difference in refraction index between the 
transparent film on the pattern and the slurry is less than 
that between the transparmt film and the air, or the like. In 
Fig. 6, curve 600 indicates the central trand of the \«avBform 
distortion* 

Fig* 10 sbows corrected \ioavefoa3ns esdxacted fron the 
respective waveform envelopes by adding and maltiplying the 
central CQn()onent, vtiicti farms a waveform distortion 
coeffic1.ent, with respect to the spectral wavefosms in Fig. 6, 
in order to eliminate the trend of the spectral wavef osnn in 
Fig. 6. In Fig. 10, the spectral waveform 91 carresponds to 
the spectral \fgaveform 61 in FLg. 6, spectral waveform 92 
corresponds to spectral waveform 62 in Fig. 6, and spectral 
vsaveform 93 correi^xsnd to spectral \gaveEarm 63 in Fig. 6. To 
remove the vravef oim trmd, a method such as that disclosed in 
Japanese Bateit Laid-open No. 2000-310512 may be used, thereby 
enabling the film thicikness to be calculated with hicpi 
precision by calculating the film thickness fron corrected 
Sfpectral waveforms. 

Fig. 11 is an es^danatory diagram for measuring the 
spectral waveform of the wafer surface at a high S/N ratio. 

In Fig. 11, a window glass 101 having optical 
characteristics similar to the refraction index of the slurry, 
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far essanpLe, a wLnclGW made of l±th±uni SbxaciflB (L1F2) or 



magneslim fluoriae {MaF2) has/ing a refractim index of 



aE^proodinately 1-4, was used for the window glass 81 in tiie 



erobodimsnt of Fig* 2. Since tibe window ^Lass 101 and the 



slurry 102 have rou^ily the same refraction index, the 



reflection oonpcnent at the border between these resfpective 



elements is reduced, and bmce the intensity of reflected 



|4 light received by the beam splitter 77 increases, thereby 

f i. 

0 inproving the S/N ratio of tlie reELected li^t after splitting. 

W Moreover, by supplying pure water locally to the slurry 102 in 

2J * 

J:! the vicinity of the window glass 101, from a pure water tank 

% 103 via a pipe 104, the lurry 102 is diluted locally, and the 

St. i 

kV slurry solution containing \4iite suspension, sudbi as ground 

£:! material, and the like, beoocces optically tranisparent. By 



detecting the reflected light from the wafer surface via this 



optically transparait water solution, the reflectivity of the 



spectral ^^veform sOrxmi in Fig. 6 is increased, and 



furthermore, waveform distortion due to scattering by ground 



particles in the slurry, and the like, is reduced, resulting 



in a spectral wavefom more prosdmate to a sinusoidal wave. 



and henoe iiipcoving the accuracy of film thickness calculation. 



Ote lixjuid si:pplied is not limited to being water, provided 



that it is a liquid vAiich makes the slurry became optically 



transparent. 



Fig. 12 and Fig. 13 are diagrams for describing a method 
for controlling tte film thidcness distribution in a wafer 
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surface by ni3asui:±ng tte film tihiidkness distrlbutlm far the 
^^le viafer surface durliig a CMP processing stage. 

In Fig. 12 and Fig. 13, description of the conposition 
and actions \iAiich are the sane as those described in Fig. 2 is 
emitted here. In Fig. 12, a position sensor 111 and angle of 
xotaticxi detector 112 are further provided on the holder 113, 
and a wafer position controller 121 is provided for 
calculating measurement positions by detecting tiie respective 
positional and angular infonnation derived therefrom. 
Furthermore, a sensor 124 is also provided in the vicdnity of 
the optical axis 120 of the measurement optics system 7, in 
order to detect the position of the measuremimt window 81 in 
t±e polishing base. 

Fig. 12(a) is a diagram illustrating a method for 
aligning the position of the viafer 4 and the holder 113. A 
pre-alignnaait section 117 consisting of a wafer holder 114 
capable of holding and rotating the wafer 4, and a notdi 
s^:isor 115 for detecting a notch in the wafer 4, is disposed 
beneatb the holder 113. In the aforementioned composition, the 
wafer holder 114 of the pre-alignment section 117 is rotated, 
-Qie notdi 116 in the wafer is detected by Hie notdi sensor 115, 
and the wafer holder 113 is halted. Next, the position sensor 
111 on the holde r 113 is positio ned directly above a notch 134, 
for exanple, such that it maintains a relative position with 
the notch 116, and the wafer 4 is mounted onto the holding 
face 113a of the holder 113. The vaafer 4 held cn the holding 
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face 113a of tibe holder 113 is then moMed over the poIl£ih±ng 
base 1 of the CMP devdjoe, and polishing and levelling oE the 
wafer 4 Is started. Fig. 12(b) shows a gaieEial front view of a 
Ct^ processing device, and Fig. 12(c) shows a partial plan 
view thereof. 

In Fig. 12, the cuter size LI of the vgafer 4, the 
interval L2 between the centre of the polishing base 1 and the 
measurement li^t axis 120 of the neasurenent optics system 7, 
and the interval L3 between the centre of the polishing base 1 
and the holder 113 are fixed values. Since the holder 113 
perfonns a sliding movement, the amount of slide Ii4 fron a 
caitral refermoe point is detected by a slide smsor 118. In 
this state, the angular position of the rotation detector 112 
of the holder 113 is reset and CMP processing ccxnnnences. When 
the saisor 124 detects a measurement start indicator 123 and a 
measurement start signal is detected by the wafer position 
controller 124, distances L2 - Ii4 on the measurement light 
axis 120 from the centre of the wafer 4 at the measurem^t 
start position 111a, (1-2 - L4 being deteaidned by calculating 
the relative position of the measurement centre 120 from the 
\«fer centre, according to the measurement start indicator 123 
viildh has a relative positional relationship with the notch 
116 at lAiich the er diameter LI is detected) and -Qie 

rotational angLe 6 of the wafer 4 are set, and for eadi 
revolution of the polishing base 1, the measuremmt positions 
on the v^er are specified for the film thickness on the basis 
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of tlie spectxal wavefoons neasu2?ed by the neasuremmt optics 
Sfystem 7. 

Iherefore, it is possible to judge viietiier a chip in the 
centre or the periphery of the wafer surface illustrated in 
Fig. 9 is being measured. For exanple, in the case of CMP 

poDOcessing a wafer of cp 200 mm having Si02 relative insulation 

films, then the palisihing base will process approKimately 

several im in one revolution (at ^ppnoximately 100 rpm) , and 

it will pEXX^ess aEpi?GKiina.tely 200 xm in one minute. Since the 

accuracy of f iJm tiiidkness measurement according to the 

present Invi^tion cables film thickness variaticais of the 

order of several 10 m to be detected, it is also possible for 

measurement positions to be identified for eacii revolution of 

tiie polishing base 1, and the remaining film thickness 

calculated and displayed acoordingly. 

Fig. 14 and Fig. 15 show a state v^here measurements of 
the remaining film thickness are displayed. Fig. 14 shows tte 
remainii^ film thickness for- each diip and Fig. 15 sihows the 
remaining f iJm thickness for each region covering a plurality 
of chips. Ohese results are output in real-time during CMP 
processing, and the pnxsess is terminated vftiai a prescribed 
remaining film thickness is achieved. Ihe measurement results 
shown in Fig. 14 and Fig. 15 can be managed as a history for 
the processed wafer, and by appending these measurement 
results to the wafer and incorporating same into the 
processing conditions for subsequent processing, and the lite, 
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a benefit Is obtained in that tbrou^i^put and product guaLLty 
are liipxyved in the manufa cturi ng pcocess. 

Fig. 16 is a diagram illustrating a manufacturljig method 
for a semicx}ndactar device acxsordlng to the pt^esent ±avaition. 
In this ilanuf acturing method for a semioonductar device 
according to the paiesent invention, a thin film is formed on 
the surface of a wafer 151 by spitterljig, or the lite, using a 
film d[^)osition device 152, \f^3ere%:{x»i the wafer is conveyed to 
a CMP processing stage 153. In the CMP processing stage 153, 
the film thickness is processed to an even thiciaiess by means 
of a CMP device 154, viiilst controlling the film thickness on 
the surface of the wafer 151 by means of a process eiA point 
detecting section 155 inplementing a method as described in 
Hie aforemmtlioned enbodlmsnts, viieceupcxi the processed wafer 
is washed by a washing device 156, and if necessary, the film 
thic3cness at prescribed locations on the wafer 151 is measured 
by means of a film thickness measuring device 157. Ihis 
measurement of the film thickness by means of the film 
thickness measuring device 157 need not necessarily be 
performed for the vdiole wafer, but rather, it may also be 
performed for a selected wafer or miriDer of wafers, aooordlng 
to requixements. The wafer having undergme the CMP processing 
stage 153 is then formed with wiring patterns, and the like, 
by passing throu^ an exposure device stage 158, and an 
etching stage 159, vihereupon it is conveyed to subsequent 



In the poresent invention, since the neasurement of the 



film thickness ±n the CMP pDxaessing stage can be carried out 
during CMP processing, and moreos/er, since the fiJm thickness 
can be neasured at specified positions on the wafer. It Is 
possible to iiqprove the evenness of the vraf er surface after 
pcocessing, significantly, oonqpared to OGSivrntional tecimlgues, 
by supplying these f IM thickness moasuraimt results as feed- 
back into the CMP processing candltlcxis, such as the slurry 

If-"?? 

P conditions (material, dmslty, sc^^ply rate), pad conditions 

f -I 

m 

(material, sb^)e, dressing, replacement schedule, and the 

ih? ■ 

'i 

p S lilce), polishing revolution rate, vafer holding pressure, and 

& 

the HkB, in the CMP device 154. In this way, a wafer having a 

-is J I 

fj I surface of significantly inproved evenness after CMP 
f4 pcTDcessing is obtained, and by subseqi»it ea^xDSure and etching 
PJ processes, it is possible to form fine patterns haying very 
high reliaibdllty- 

Mcxceover, the flM thickness measuranent results for 
thickness distribution across the wafer surface can also be 
appended to the wafer 151 after It has been CMP processed 
\diilst monitoring flM thickness as in the present inv^ticai. 
By using these ^ipended measurement results, the etching 
conditions in the etching pirocess 159 (etching time, cgiplied 
voltage, gas sqpply volume, etc. ) can be controlled to cptimon 
conditions and hence a semiconductor wafer 160 of very hl^ 
quality can be manufactured. 
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Acxx}(cd±ng to the pziesent Inv^tion, It Is posslMe to 
perform M^-pajecdsion film thldiaiess nieasuranent of 
transparent film In a sendocaiductar device during polishing by 
a CM? pEooess, and henoe highly accurate control of the 
polishing process can be adrLeved on the basis of the measured 
film thickness data. Furthermore, since the film thicfcness 
distribution in the surface of the silicon wafer (si:ft)strate) 
of the semiconductor device being polished can be coitroUed. 
to a hl^ degree of accuracy, it is possible to optimize the 
levelling process in the CM^ processing stage based on this 
film thickness distribution, and also to optimize the film 
deposition conditions in the film di^)osition st^e, and the 
processing conditicHis in the etching stage, thereby enabling 
the manufacture of a hi^-predsion sfystem device. Moreover, 
the md point for a CMP process in the aforementioned method 
and production line for manufacturing semiconductor devices on 
a silicon wafer, can be detected with a hi^ degree of 
accuracy, and therefore the throu^:^)ut of the pDooess can be 
iirproved. 

Ihe invention may be enfoodied in other specific forms 
without di^>arting £ran the spirit or essential characteristics 
thereof. !Ehe preset enix)dimait is therefore to be considered 
in all respects as illustrative and not restrictive, tte scope 
of the invention being indicated by the appended claims rather 
than by the foregoing description and all changes \*dLch ccne 
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within the neaniiKr and range of equivalency of the cOaims 
therefore intended to be eirbraced therein. 
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